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Singly heavy baryons > Singly heavy baryon:
* A heavy quark (c¢,b) and two light quarks (u,d,s)

i“ @ ) * In the relative frame:
R g . * Dynamics governed by the light quark pairs (di-quark)
I qu » Rich spectrum:
s, e Ground states: 3z (4,2) / 6g(X, 5", 0)

* Excitation modes: A/p-mode
» Good lab for non-perturbative QCD

* Many undiscovered/determined states i_f)_i AF
* Various theoretical explanations i i - A
= o+
* Pinning down the state: i 1 i — -
» Mass, width, decay modes :L = : i
> Spin-parity J=0l s E+
1{gq)3c(A)31(A)07(A)) 1{gq)3c(A6r(HTH(S)  1{gq)3c(A)6r(S)1F(S))

» Decay parameter
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Decay parameter

A
» Under helicity basis: W~— u
2 __ 2
o _|Hyl |H, | > c |
EpoEim =
bme |Hy|? + [H, |2 0(-)
L . SARNER > s t5+0)
* Reflect parity violation in the transition
et e _ ) - > q
> If the initial (£,) & final (E}") particle have similar structure:
* Governed by b — ¢ weak decay
* Pure parity violation, ag, gz, ~ — 100%
» If not: deviation from -100%
q1
TABLE XIV: The predicted up-down asymmetries of B, — B.P decays. The asymmetries are q 1 = — 0
given in unit of %. The asterisks in the first column indicate that the baryons in the final states N p
are radial excited. p - 0
Type Mode P=r" P=K- P=D" P=D; Unit: Z q>
() a(Ap — AcP) —-99.997228  —99.98%281  —98.4775%  —98.067 )4 /»'f d»
(i) a(Z) —» EFP) —99.99722  _99.97+28L  —08.407%  —97.967752
@) a(g; — E0P) —-99.997228  —99.97%281  —98.3979%  —97.967953
M~ o[y = R (2765)P]  —100.00 3 ¢s  —99.981 200 —06.611 3%, 5atitd
(ii) a(Q — QP) 599271988 59.9319%8  59.95114%  59.90t1d% |:>
(ii)* % — Q,(3090) P 60.027558 60.02+9:33 59.49+14:93 59.2311392
(i) afAy = Ao(2595)P) —98.861177 98847170 _97.861983 —97.571993
(iii) a[E) - EF(2790)P]  —99.131444  _g9.12*+44  _9g.58t8TT 98397902
(iii) alZ; — Z9(2790)P]  —99.131¢4t  —99.12*44 98584878 98391902
(iil)*  ofAp — A(2940)P]  —98.861175  —98.84717%  —97.04T3%1'  —96.3673%"

Ref:1811.09265




Analysis overview

> In - n~decay, where

« D*O - Krn(Km)
« A% > pm (LL/DD categories)
» Run2 2016-18 data sample

 LL/DD separated before amplitude analysis
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» Strategy:
1. Event selection
2. Signal extraction (%} mass fit)
3. Amplitude analysis
4. Spin-parity determination
* Validation (toy study)

5. Systematic uncertainties
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The LHCb Detector (Run2)

Large Hadron Collider beauty experiment :
» Single-arm forward region:
* Designed for collecting heavy flavor events
* b-Factory
» Dedicated vertex detector:
* Excellent vertex, impact parameter resolution
» Tracking system: good momentum resolution
» PID system: hadron and muon identification

» Hardware & Software trigger

CLHCP 2024

Vertex Locator ~ Tracking System PID System Muon System
orp~20 um Etracking~96% e(K - K) ~95% e(u - u~97%
o,~45 fs 0, /P~0.5% — 1% (5 — mis-ID e(r - K) ~ 5% mis-ID e(r — u) ~1 — 3%

200 GeV) goar HCAL M4 M5 \

SPD/PS M3 250mrad \
Magnet RICH2 M1 = \
. 3

/

JINST 3 (2008) S08005 1JMPA 30 (2015) 1530022
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://arxiv.org/abs/1412.6352

Event selection



Pre-selection Table 1: Trigger requirements

LO Hadron TOS || Global TIS
» Stripping lines 28r2/2912/34: HIit1  TrackMVA || TwoTrackMVA

« Lb2DLambdaOLLpi, Lb2DLambda0DDpi, Hit2  Topo2/3/4Body TOS
* Xib2D0LambdaOLLpi1, Xib2D0Lambda0DDpi

Table 3 : Training Variables

Table 2: Pre-selections

- Particle Variables
Particles Requirements
- 2 2
K, ProbNNghost < 0.8 - Pt X1p» XFD»
. =b
2
T ProbNNpi > 0.1 DIRA, N, Xex
K ProbNNk > 0.2
PDG 0 pr, I'D,
D invariant mass Mk — M v@] < 20 MeV A , , ,
Xotxr X#p» Xip (LL only)
A® invariant mass (LL/DD) |m,, — MxP¢| < 6 MeV )
pr A D Pr) Xip
F.+( )
invariant mass [MeV] _ - 2
m_+(o < 3400 MeV T from ‘:‘b pT) XIP

.-.0( ) . =
&ﬁé ze@ponstramed with DTF) GSanyue Wan, Peking University




MVA selection

Training Variables

Variables

* Training samples Table 4 :
» Signal from MC within signal region : Particle
|mppr — mEDC| < 50MeV
» Background from upper mass sideband of data : Zp
300 MeV < mpp, —mg,¢ < 700 MeV
/10
evaluated for Zf /5, , LL/DD separately b
* Optimized with FoM dedicated to amplitude analysis: n~ from &,

2 .2
P, Xip» XFD»

DIRA,M, Xitx

pT, FD,
Xl%tx' XI%Da XIZP (LL only)

P, XIZP

P, XIZP

S(t) 9 S(t)
S@+B®) /s(t) + B()

F(t) =

CLHCP 2024 Guanyue Wan, Peking University
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=, mass fit
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Partial reconstruction: shape from fast simulation

Combinatorial background: exponential

» Simultaneously for LL & DD

CLHCP 2024
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Signal model: Gaussian + DSCB (parameters determined from MC)

T u{*l%#’r
oLl b Lt Jrir 1
5700 5800 5900
Mo, [MeV]
Parameters Fit Result(DD) Fit Result(LL)
Mo 5790.440.8 MeV
059 14.140.9 MeV
signal yield 411124 108+13
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Run2, &) — ZX**1~ channel

Extracted spectrum

180
160
140
120
100

80

» Extract pure £y, with sPlot method 10.1016/.nima.2005.08.106

+ + E1(3055), ZX(3080)

e Z.(3055)" observed
e Z.(3080)" with significance of 4.4¢0

II’i"IIIIIIIIIlllIlIlIIIIlIlIlIlIlIlIII

Weighted candidates / 5.00 MeV

60 bt
* Non-resonance component 40 + +
20 +++ + gt 4 %
T p et e e
> Dalitz variable distributions extracted 3000 3050 3100 3150
m ., [MeV]
cosBeta {sig_sw} cosTheta {sig_sw} . phi {sig_sw}

80F

[ Mean -0.005954 = M -0.01877 100 Me: -0.05837
£ Std Dev 0.5669 100[— Std DEV| 0.6563 L Std Dev 1.541
—_‘F + + | sl sof- ‘\‘

. L e L
S 1T Ty

~
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°E 2l s 2

10— r L

o bl e e e b b e ol v b b b b L L L L N T N B B E R |
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CLHCP 2024 Guanyue Wan, Peking University
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Helicity amplitude analysis



Helicity amplitude

» Helicity couplings in the = = Z.m, . - DA, A = pm decay chain:

.« By ErmT AT = RS
b= =c 5, Az A Ec Az Aac
. DRk Ec—~DA ._.C—>DA
Ze = DA AAEC;}{D;AA H /1w JlA ()
c Ao pm” ADoPT — T pIA (g B 0)
p AnApde = A, ApAp NP P

A° rest frame

= rest frame

LHCb approval
Zp rest frame

Floated for each resonance

Strong decay, only phase term:

nPEc(_l)]EC+1/2

Fixed from input

H b 1 - Hub 1
_ | Aec=t3 )
Azp-E8m = T o 2 -
H™® | +|H®
Az . =+5 A= =—5
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Amplitude model

» Coherent and incoherent sum:

0-3) — 2 _
f(mDA: Q; V) — |M| - S“ . AE’&*(SOSS) + AE’E*(SOSO) + ANon—resonance
Agb,/lp A=A Az A A=A

» Relativistic Breit-Wigner for Z:*(3055) and Z:*(3080) :

p
RBW(mDAlmOJ 1—‘0' lp' ld) = Blp (P, Po, d) (m

~

=b

I q \'
) BW (mpa|mg, Ty, ld)Bld(q’ qo,d) (m—)
0

» Exponential lineshape for non-resonance:

Ip l
p —am? q \“
) e amDABld (qr do, d) ( )

mEb my

RNR (mDAlaslope) = Blp (p» Po., d) <



Likelihood construction

» sFit likelihood:

ZiEdata "w; Z w; X log [’P(m%AaﬁiW)] 3

log L(V) =
L) D icdata Vi icdata

where PDF is matrix element mode square:

. 1 NN
Plrmps, H17) =7 > [M(moa, GI7)
A

Eb, P

X (I)(mDA,Q)G(mDAaﬁ)a

efficiency encoded with MC integral:

I1(7) = / S [ MO, 529)| @c(mpa, G)dmp,d

: Az, A
» Fit parameters V: b

~kk rkk

* helicity couplings of Z*(3055), Z:*(3080), non-resonances
° my, FO Ong*(3055)

» For each 52*(30 55) hypotheses, minimized likelihood are compared

16



Hypotheses tests

> Jae (3055 = 3/2% favored

 among all tested hypotheses: 1/2%,3/2%,5/2%,7/2%

Favored

with rejection significance n, = 6.50 (from toy study)

J 56(3055)+ Qz0,5,(3055) 7~ Mo
3/2% —0.924+0.10 -
1/2~ —0.10£0.17 12.90
1/2% +0.31 £0.13 11.00
3/2~ +0.18 = 0.14 7.30
5/2~ —0.124+0.14 6.50
5/2F +0.52 £0.14 9.80
7/2” +0.41 £0.16 10.70
7/2F +0.12£0.14 10.90

Projections to cos @ for different hypothesized fits:

Run2, &) - Z:**m~ channel

I~ T T T T T T T T ] T T T
3140— LHCb pp V5=13 TeV,54fb"
: 120 - 155(3055) =3/2" B
O r
:_C'E 100
g 8 T =
S B .
OF $\:h + E
= - | .
2 F é Ly —
< 40 e D -
g 20 ——l ............................ -
Y e N ST BRSSO s i
-1 -0.5 0 0.5 1
cos 0._.
T T T I T I T T T T I T T T :
60 LHCb pp Vs=13TeV,54fb" =

SR
==
RN

156(3055) =5/2"

e S S U w—y

]
]

Weighted candidates / (0.2)
5 2 8

.}
)

o
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Weighted candidates / (5 MeV/c?)

Best fit projections: /z:+(30s5) = 3/27

180
160
140
120
100

N B N X
oS O O O

2 L e e e S B B R 3
3 ?ZI%)_] Jz (a0s5) = 3/_2++_ E S 225 s _é 120F e
-~ - Data = s F % S0 AT

- ] S 100F = 5 =

3 — Total fit E 3 sof 3 wf 5

e e £,(3055)" ERE g «f | 2

T B = (3080)" E Eﬂ 405 Eﬂ 20; ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 1 =

C ‘—’c( ) ] B 20F B T g é)

n . — ) g ] =)

R I Nonresonant 05 0 05 1 % 05 0 05 g

~ ] cosb . cos,BA

: et :::E- :: A IXZEE CETTY AT e o ; P — + P — + P — -

3000

L | L L | L P | L
3050 3100 3150
mp. , [MeV/c?]

Table 1: Measured =:*(3055) properties

Ho[MeV]

[H[MeV]

3054.52 £ 0.36

8.01 £ 0.76

—0.92 £ 0.10

PDG: o =3055.9 + 0.4

,=7841.9

LHCb approval

Run2, &) — ZX**1~ channel

18



—ck k4

Run2, &) — E**m~ channel

. Pseudo-experiments generated with 5/2°
Pseudo-experiments generated with 3/2*

Real data

e 6.50 —*

-----

Rejection significance S o
S b LHC
o0 :
I S0
» Toys samples generated for alternative JP hypotheses (lgl-s) = a0F
ﬂ) -
g -
* Parameters optimized % 20E
—§ 10F
» Using test statistics: g ot

t =21In [L(J" =3/2%)/L(Jiistaver) | = 2Alog L£(3/27, dis),

> Significance rejecting / ;. is determined with:

taata — p(tJy
no' (JdiSfa.VOr) — data&(t lu'( Jdls;avor)
Jdisfavor

)

LHCb approval

00 200
2A log-likelihood

J§C(3055)+ Ng
3/2F -
/2= 12.90
1/2¢  11.00
3/2- 7.30
5/2- 6.50
5/2+ 9.80
7/2” 10.70
7/2¢ 1090
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Systematics

Table 3: Biases and systematic uncertainties for the =) — Z,(3055) "7~ channel.

Source om [MeV/c?]  or [MeV/c?] o, ORy

Amplitude fit bias — — — —

Hadron masses +0.05 — - —

Momentum scale +0.01 - — —

Resolution +0.00 +0.07 +0.00 +£0.000
Simulation sample +0.15 +0.30 +0.02 =£0.002
Trigger correction +0.01 +0.03 +0.02 +£0.000
A categories +0.03 +0.04 +0.01 +£0.002
ZY mass fit model +0.03 +0.13 +0.01 +0.001
Angular momentum +0.00 +0.00 +0.04 +0.002
Nonresonant model +0.00 +0.00 +0.00 =0.000
Z.(3080)" width +0.01 +0.01 +0.00 =+0.003
Z,(3080)" mass +0.00 +0.02 +0.00 +£0.000
Clone tracks +0.02 +0.03 +0.01 +£0.003
Total +0.17 +0.34 +0.05 =+0.006

LHCb approval
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Ssummary
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Theoretical interpretations of Z,(3055)

References Theoretical model J? of £.(3055)
Eur. Phys. J. A 37 (2008) 217-225 Faddeev method 5/2% (1D)
Phys. Rev. D 78 (2008) 056005 Regge phenomenology 5/2% (1D)
Phys. Rev. D 84 (2011) 014025 QCD-motivated relativistic quark model 3/2% (1D)
Phys. Rev. D 86 (2012) 034024 Chiral quark model 3/2% (1D)
Eur. Phys. J. A 82 (2015) 51 Relativistic flux tube model 3/2% (1D)
Phys. Rev. D 94 (2016) 114016 QCD sum rules within HOQET 3/2% (1D)
Phys. Rev. D 96 (2017) 114003 3P0 model 1/2%(35),3/2%(6) (2S)
Eur. Phys. J. C 79 (2019)167 Hadron molecular state 1/27,3/2™ (molecular)

So :

-
l b,
'52

P 2024

Summarized in Rept.Prog.Phys. 80 (2017) no.7, 076201

Or see our paper draft

Guanyue Wan, Peking University 23


https://doi.org/10.1103/PhysRevD.78.056005
https://doi.org/10.1103/PhysRevD.86.034024
https://doi.org/10.1103/PhysRevD.96.114003
https://doi.org/10.1140/epjc/s10052-019-6665-z

- - 2
Zh Zh
Decay parameter |2 | = |me |
Azy—Ern = : 2 ’ 2
=bh—7=c - -
Zp Zp
» Our measurement: @z, L,z _(3055)*r — 0.92 £ 0.10 £ 0.05 ‘H;lzsz, + ‘HAEb _
» Calculations for similar decay modes = —100%
« 3, — 3 beauty to charm transitions
* pure parity violation
> Only consistent with our measurement under hypothesis J© = 3/2%
TABLE XIV: The predicted up-down asymmetries of B, — B.P decays. The asymmetries are
given in unit of %. The asterisks in the first column indicate that the baryons in the final states
are radial excited.
Type Mode P=7" P=K" P=D" P=D; Unit:%
(i) a(Ay = AP) —99.9912:28  _99.987241 984783 _98.067( 5
(i) a(29 - = P) ~99.99722% 99977280 _98.407%  —97.967732
(i) a(Z; — Z0P) —99.99%22  _gg 9724l 983990 _97.9619-53
0)* a[Ay — A.(2765)P —100.007 500 —99.9870 00 —96.6113%70 —95.541, 149
0.00 0.00 3.32 4.46
(ii) a(Qy = Q.P) 59.927558 59.937558 59.95112-9° 59.90713%3
(ii)* a0 — Q.(3090) P 60.0219:38 60.027558 59.49112-93 59.23713%2
+4.77 _ +4.79 _ +9.63 _ +9.93
—99.13734  —99.127441 0858877 _98.3979-92
(iii) o[Z; — E9(2790)P)  —99.13*444  _99.12+444 98,5887 _98.39+9-02
sas\k 4.76 4.78 0.41 10.94
(iii) a[Ap — A.(2940) P —98.8671 75 —98.84*178  —97.0413%] —96.3673 %0 Ref 1811 09265
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Conclusion

The £) - DA%~ and E;; - DPA%~ decays are observed for the first time:

> EC(3055)+(0) mass and width are measured

> EC(3055)+(0) spin-parity measured to be 3/27
« With significance of 6.5(3.5)0

* First determination with significance over 50 of a charm-strange baryons

» Decay parameter in Eg SN, -(3055)*© 7~ measured to be: §=-1/2
—0.92 £ 0.10 + 0.05(—0.92 £ 0.16 + 0.22) . fz p=0
* First time in beauty to charm + pseudoscalar decays I
> Consistent with first D-wave, 1-mode excitation of 3 category l $=+1/2

CLHCP 2024 Guanyue Wan, Peking University 25
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5o — 2207~ channel results



Run2, £, - E*%1~ channel
— :
=, mass fit
A~ : T | T T T T T T T T T : N 35 __| | T T T T T T T T T __
~ 18— LHCb LL ~ = F  LHCb DD ]
S 166 = S 300 =
@ 1 4:_ +Data = @ - %—Data 7
— C . ] ~ 25 - . ]
2 12E — Total Fit - 2 - — Total Fit -
S 100 - Zp = 207 E s 20:- ;M = - =on- s
[E 8:_ .......... _:B_) DOZO(AO )I'[_f m> 155_ \ :_t_)_) DOZ (/\0 ) _E
=S A A IR Y A Comb. Background 7 - L Comb. Background 7
6 - - B
- - 10F :
4 : * + :
] 5 | —
2 LT j ML ik o 1t
of NaadARINLIGARIANILE: - P T T T
5900 5900
m 0,0 [MeV] m o0 _[MeV]
* Signal model: Gaussian + DSCB (parameters determined from MC)
» Partial reconstruction: shape from fast simulation
Artial FeCOnSLuction. shape o ast simulatio Parameters Fit Result(DD) Fit Result(LL)
* Combinatorial background: exponential Hz; 5798.2+1.0 MeV
: O5- 12.5+1.0 MeV
» Simultaneously for LL & DD
signal yield 139£16 93+10

CLHCP 2024

Guanyue Wan, Peking University
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Weighted candidates / (5 MeV/c?)

Best fit projections: /5= 3955y = 3/2%

DD
o)

— [\ (O B W
e - e - e}
[TTT T[T T[T T I T[T T T [TTTIT]T

e}
W [TTETTTT

1 I 1 I I 1 I
LHCb

P
jsc(zoss) =3/ *

— [ 7 T T ’ L
pp ﬁ=13 TeV, 54 fb-l
—4— Data

— Full fit

....... Non-resonant

""""""""""" E(3080)°

I‘EIIlIIIIIIIIII]IIIIII[IIIIIIIII

o
TN L=
AT FE CERE S GEMRNE S8 &

| I R T
000

Table 1: Measured Z:*(3055) properties

PR I T T
3050

PR I SR ST SR SR R S
3100 3150
mp, [mev]

Run2, £, - EZ2*%7~ channel

70¢
60F
s0F
40F
30F

20T

10F

L LR R AR LR LRRRY LARRN LRRY LRLRY RRRRS L

Ho[MeV]

[H[MeV]

Az —EL'm

3061.00 + 0.80

12.4 + 2.0

—0.92 + 0.16

CLHCP 2024

Guanyue Wan, Peking University

JP hypotheses significance

3/2 + _

1/2 - 5.50
1/2 + 6.50
3/2 — 3.50
5/2 — 4.80
5/2 + 4.80
7/2 — 6.00
7/2 + 6.20
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Systematics

CLHCP 2024

Table 4: Biases and systematic uncertainties for the =, — Z¢(3055)%7~ channel.

Source om[MeV/c?]  or[MeV/c?| o, ORy
Amplitude fit bias — —0.46 — -
Hadron masses +0.05 — — —
Momentum scale +0.03 — — —
Resolution +0.00 +0.10 +0.00 =£0.001
Simulation sample +0.13 +0.38 +0.02 +0.006
Trigger correction +0.01 +0.03 +0.00 =0.001
A categories +0.04 +0.12 +0.05 +0.004
=, mass fit model +0.00 +0.19 +0.02 +0.003
Angular momentum +0.01 +0.15 +0.21 +£0.014
Nonresonant model +0.00 +0.03 +0.00 +£0.001
=.(3080)° width +0.08 +0.69 +0.01 =£0.032
Z.(3080)° mass +0.03 +0.20 +0.01 £0.006
Clone tracks +0.13 +0.04 +0.04 =£0.008
Total +0.23 +1.11 +0.22 +0.038

Guanyue Wan, Peking University
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Decay Parameter

» Decay parameter:

_ 2|S||P[cos(6 + ¢)
ISP+ P2

* Relative transition possibility between up & down parity

o
22| = _
i H &
20+ .
= I L+1l=2,n=0,1
E 1.8—: ............ -
[- - EE5 =
e k- Leleq
B[ = = ol T ]
E B = : —
12—..-.... ........... 9..... 3.0 "= B =
’ > S
1.0 . ol _
08 et e S ! 6 6 3
L g
0.6—:L_ ! _
12 31 7)) 12 312 512 (d)

CLHCP 2024 Guanyue Wan, Peking University 31



Orbital angular momenta | @ ;

p modes: [ # 0 . L 4%
. Can happen at the same time | Q -
Amodes: L # 0 | 7 a |

1P Negative parity For only 4 modes
S
There are two P-wave states for =.(0,1/2) 1/2~ and 3/2"
another two P-wave states for E’c(l, 1/2)1/2~ and 3/2", 7 in total

and another three P-wave states for =7(1,3/2) 1/27,3/2” and 5/2".

2D positive parity

=g Boe
WN RO

There are two D-wave states for =.(0,1/2) 3/2*" and 5/27,
another two D-wave states for =, (1,1/2) 3/2" and 5/27,
and another four D-wave states for =%(1,3/2) 1/2*,3/2%,5/2% and 7/2".

8 1in total

CLHCP 2024 Guanyue Wan, Peking University
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Toy study

1. Construct model f(mDA, Q: ﬁ’,]fzis) for disfavored J4;c = 1/2%,3/27,5/2%,7/2%

« Parameters v’ are optimized from hypothesized fit
2. Sampling component from PDF=/ (m pAms Vs, )XEi (Mpprg) X

* Variable space: 171,
 Poisson randomized entries

* Efficiency from MC (Legendre expansion)

3. sFit with disfavored model (//;.), and favored model (] ]’fav =3/2%)

LHCb approval

Fig 1: MC efficiency expansion of cos 6
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Components : partial reconstruction

« B, - DX%(-> A%)m~ samples generated with RapidSim , invariant mass of
DA’ ( E, with a ¥ lost ) calculated

* Influence of preselection neglectable

Particles Preselection
—~— L] —_ HO — - ) .
57 - 550 20 o it I ProbNNpi > 0.1
O Y el B L I T VoY oo B L B
F W ] - T ; K ProbNNk > 0.2
0.05F ; + 3 005 g + -
» + - C + ]
004:— —e— Preselection +* + _: 004:_ —e— Preselection +F . —: m(A) PDG value i 6Me\/
C - ] r +F 7]
0.03F - 4  0.03F + - —
: - ] s J . : m(Ey) PDG value + 700MeV
0.02F e 34 0.02F o :‘:: -
0.01F —> 3 oof . E m(D) PDG value + 20MeV
- .44,.-1’*1’-. e U b e ] C . .A..-'."'l'. PR B B .Th_..‘
9400 5500 5600 5700 5800 59( 9400 5500 5600 5700 5800 5900
mDAon_[MeV] mDAon‘[MeV]
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Resolution
* Resolution of Z." evaluated with MC samples :
» Fit (Mprye—Mpeoconstruction) 1N €ach m(DA) bin with :
fXGaussianqy + (1 — f)Gaussian,
» Choose constant width 1.3MeV
» Convolute to PDF

200

- | _

09 3 __
— H ]
g 300 % :
= 2.5 —
> S x> /ndf 21.5/ 14 .
= 250 m ]
z ) p0 0.1755 ]

150

100
Resolution fromMC : =, >E;n' channel, LL

50

it p <y,

L 1 1 L L 1 1 L 1 L
3100 3200
m(DA)[MeV] .



MC distribution reweighting

The simulated E2* in MC were modified from 27 (2815) and £f(2790), ( D°/D* channels , respectively )

with different mean values and large widths.

In correction of m(DA) distribution, MC samples were reweighted to BW distribution from data fit results

Input value

) Parameters p _ Obser_‘ved value
S = A RooPlot of "Xic_TRUE_M" - (in decfile) (fit result)
8 = s A RooPlot of "Xic_TRUE_M"
Ig 6000: Tol:llfll:xlb 7000% Total fit:Xic (';‘ + MO 3077.2 3055.0

o0 ===« Breit-Wigner 6000_ <ee- Breit-Wigner — C )

Iy 223 8.5

30005— E_ - E**OTC_ s ~0 —k —

Zmog_ b c 3000 Db d ‘:C +T[ (HO) MO 3079_9 3062_2

g 2000 .:C

e : | I 223 11.2

_§ ;_-_f‘-“'——'-' 'r-T-::T—_—L"_-——*——*' :é B W Bl e o

3000 3200 3400 3600 3800 4000 3000 3600 3800 4000

Mi[MeV] Mz [MeV] [M eV]
E:*%(2790) has spin 3/2 in simulation (with orbital angular momentum [ = 1 in its decay to D*A° )
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MC correction : PT_Y reweighting

9000 ;— T T T T I T T T T I T T T T I T T T T _; T T T T I T T T T I T T T T :
2000 ;— : z:::::::m:::o::u _; 0.7 0 —— weight_B_PTY_fromLb —; _fz"f:‘:'sifh‘:z:‘%
7000 E- Do 3 06 —__——i BT Savwrs 1000
= 3 —+— noweight - Std Devy 0.5708
6000 E_ + . —E 0.5 . B —— data _;
5000 =y % *% o 3
4000 - . Ep channel 5 B - Cpchannety
3000 — ER ‘T, ]
2000 +;+ 3 o2 :H: i E
1000 = + 01 =f=:t r 0 20000 40000 60000
0 = R B R .:F%__-:&—n— e T B T I S
0 10000 20000 30000 40000 95 3 4 5 ApPr
B_PT B_Y
9000§ T T T T I T T T T I T T T T I T T T T § T T T T I T T T T I T T T T E A fir‘St Step Weights Obtained
8000 - f e ER + % Tweensfene 3 from Ay were used.
= —— noweight 3 0 6 — —— weight_B_PTY_total _:
7000 E- —— da = . “:% — noweigh g
6000 E- ++ = 5 05 ;F ‘ % —— date -4  Then asecond weight
5000 E- +—- 3 04 :+: i 5  calculate from our own data
= —_ = =, =0 3 . . . .
4000 + =0 .p ;3 03 £, channel§  distributions were applied.
3000E 4 tp cnannel 3 — + -
3 . 3 02k + <
2000 — + = - == E
1000 - 3 o0lfF=£= 4+ 3
0 E T B .E;;;:Eﬁ_-_hé 0 P S R S S SR S =’.=:t:.__ . =
0 2024/10000 20000 30000 40000 2 Charm %G Meeting 4 5 38

B_PT

IUU
<



MC correction : nTracks reweighting T

- Entries 94
- Mean 365.5
= B Std Dev 102.3
: I
| 1 1 1 I T T T I T T T I T I_ -9 I'O : y "
100 __ —— welght_nTracks_fromLb _- E:I; C hanne l g ~ (l
- —— welght_nTracks_total E 8 N 1B
- - noweight ] B ’
80 — = ¥ —— data — 6 . }
60 ‘1{ + ﬁ’ . 4+ H [l
B i From A, : | #
40 " *t E 2F i !
20 —_ f# __: 0 B 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1
N *ﬁi- § 0 100 200 300 400 500
O_: L L '**;gd@g—t*%ﬁm_li“#
0 200 400 600 nTracks
nTracks
W T T T ] Own data:
8 0 . : :::::::::::z:::::m i [O1+[1]*x gwei_ght_nTrack;_Z [O]+[1]*x SR
70 _’_xf noweight o ntne:v fggg 25:_ 52::5_ 18573.2
—— data E StdDev 94.41
60 Hﬁ%
50 ‘If ‘Il 2 }
0 ! E) channel
30 - =
F =0
20 ﬁ’ ‘% t Z, channel Zp channel
10 - 07I = |10[0‘ — I2(!!0I = ‘3(|)0| = I4(IJOI = I5010I — I600 07l — I10‘0l — ‘2(;0‘ — I30|0‘ — ‘40|0I — I50|0I — I600
; e
oF= o+ 1 e S nTracks nTracks
0 200 400 600
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Trigger Efficiency

* MC errors in LO trigger efficiency for :
» TIS : LO_Photon|Electron|Muon|DiMuon_TIS
Calibrated using TISTOS method

» TOS : LO Hadron_TOS

Calibrated using E+ dependent data driven LO efficiency for each trach



TIS Efficiency Calibration

* TIS efficiency as a function of =, transverse momentum:

A _N T1s&Tos(PT)
TS Ntos(pr)

* Evaluated for data and MC 1n each pt bins

* MC corrected according to differences

» Data efficiency is evaluated with =, — Z.m~ decay, with larger statistics

2024/11/8 Charm WG Meeting
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TIS Efficiency : Efficiency distributions

> 0.35F"
2 "
c -
2 -
2 03
Lu -
n I
= 0.25F
.
0.2t
0.15F
2024/11/8

A T R
10000 20000
Eb Transverse Momentum

Fig.1 Data efficiency taken from
=p = Zc.m- ground state decay
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MC TIS Efficiency
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TOS Efficiency Calibration

L0 TOS efficiency 1s tabulated with respect to E+ of final tracks
Fitting variables distribution in two MC samples are compared:
» Cut with LO Hadron TOS decision
» Weighted with LO efficiency table
The first sample 1s calibrated to the second sample
» With GBReweighter method
» Concerning fitting variables m(DA), cos @, cos [ and «

Events triggered with TIS/TOS are separately weighted
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Selection Bias

o Effects of Pre-selection & M VA :
» Evaluated with MC

» Distribution of AM = Mycconstruction,s, — Mirue,z, 18 fitted

» u evaluated for samples before and after selection

» Au taken as bias, all within +0.001MeV

Dataset pi[MeV/c? ] po[MeV/c?]  Correlation  Au[MeV/c? ]
EY) — Dt Ax~, DD | 0.067 +0.007 0.065 4 0.006 0.81 —0.001 4+ 0.004
ZY) — Dt Anx~, LL | 0.064 +0.012 0.064 +0.011 0.79 0.000 £ 0.007
E, — D°Ax~, DD | 0.059 +0.006 0.059 & 0.006 0.71 0.000 = 0.003
=, — D°An~, LL | 0.063 £ 0.007 0.064 =+ 0.006 0.84 0.001 4 0.003

2024/11/8

Charm WG Meeting
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Events / (0.12)

Events /(0.12)

Selection Bias : Figures
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PDG Bias & Uncertainty

* DecayTreeFitter constrained D, A masses to known values in LHCb database

> Differences with PDG :

Au = z (Mppg — MLych)

D,Am
» Uncertainties :
Oug = z loppe|*
D,Am
Overall bias +0.04MeV (—0.02MeV ), uncertainty +0.05MeV (+0.05MeV) for 5+ (E&0)
Particle = PDG [MeV | LHCb [MeV | | Particle PDG [MeV ] LHCb [MeV |
A 1115.683 4+ 0.006 1115.683 DT 1869.66 £ 0.05 1869.62
D° 1864.84 4 0.05 1864.86 T 139.57039 4+ 0.00018 139.57018
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Momentum Scale

* Track momenta have been calibrated (MYS)
* With precision 0.03%
* Evaluated by varying calibration by £0.03%

* Event-by-event mass difference is fitted (with triple Gaussian)

 Maximum taken as uncertainties 20

120 e

S0F .

Channel MS varied by 4+0.0003 MS varied by —0.0003 OF =T
505 B 0.008 MeV —0.009 MeV o
=, = E n 0.026 MeV —0.024 MeV T S -

-04 02 0 0.2 04

(d) —0.0003 scaled, =, — D°An~ channel
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Resolution Uncertainty

* Vary within yg £ I' 1.25MeV ~ 1.40MeV/

then average between LL and DD

Maximum differences taken as uncertainties

Tab.4 E) — E5**m~ channel

Convoluted Resolution Apog[MeV] Al'[MeV]
Larger (1.40MeV) <0.01 +0.08
Smaller (1.25MeV) <0.01 +0.04
Tab.5 £, — Z:*°~ channel
Convoluted Resolution Apg[MeV] Al'[MeV]
Larger (1.40MeV) <0.01 +0.04
Smaller (1.25MeV) <0.01 +0.01
2024/11/8 Charm WG Meeting
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MC Fluctuation

 MC integral over phase-space to implement signal efficiency

* Limited statistics in MC will introduce uncertainty to fit results

* Using bootstrap toy MC method

Tab.6 MC fluctuation uncertainties

Uncertainties Apg[MeV] Al'[MeV] Aa
Ep — EX**tm~ channel +0.11 +0.3 +0.04

—— = xx()

£, — E; - m~ channel +0.10 10.5 10.02




LL/DD Differences

* In default fit, LL&DD samples are merged

 LL and DD samples are fitted simultaneously

Tab.10 LL/DD uncertainties

Uncertainties Apo[MeV] Al'[MeV]

— EX**~ channel +0.01 +0.02

—~0
Ep
, — E5*07~ channel +0.03 +0.05




Contribution of £,(3080) p modes: L # 0 @l

Amodes: L #0 A

 The £,(3080)%/° components are introduced to the amplitude model.
« Z.(3080)*/0 assumed to have | = I + 5., with ] = I, — s, for Z.(3055)%/0

» Withl; = 2, the J? is fixed to 5/27

2024/11/8 Charm WG Meeting
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Uncertainties of sWeights

* Uncertainty in Z; mass fit can be introduced to amplitude fit
* Three variations of the m(Z;) fit models are checked:
> Extra component of £, — D*°(— D%/)A%~ partial reconstruction
» Signal model :
Gauss + DSCB — Gauss, + Gauss,
» Background model :

Exponential — 2nd order Chebychev polynomial

2024/11/8 Charm WG Meeting
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LS couplings

* Possible orbital angular momentums 1n £, — Z.m weak decay.
* Only considered in default model

* Alternative [ — s couplings are considered, with [ expanded:

20 +1
Hy 0+ Cqin By, (4, 90, d) — Zgls\/Q 71 (105 881740) (JAs; Jo — Aclsd) ¢'By(, g0, d)

20 + 1 1
= > Je=Jz\| —5 <l0 Jz. Az, 5)\Ec>qlBl(q, qo, d)

=2 st+J=c.J=

1
EcvEcT 3
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